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PORLWORD 


In the fall of 1966, I attended a meeting at NASA Headquarters with repre- 
sentatives of five other disciplines. The purpose of the meeting was to begin 
planning for the post-Apollo manned space flight activities. The meeting en- 
compassed years of program planning and was marked by titles such as Apollo Ex- 
tension Systems, Apollo Applications Program and, finally, Skylab. With the 
closing of tns Skylab Life Sciences Symposium at the Lyndon B. Johnson Space 
Center Skylab was completed. 

A prime objective of the post Apollo program was quickly confinned — to 
conduct long duration space flight. The length of the duration was to be de- 
fined later but an initial and lasting concern arose immediately and persisted 
even throiaghout the program. How to define and provide for man the habitabil- 
ity requirements for long duration living and working in space? 

The suggested solutions to this question were numerous and emanated from 
varied sources. After variovis approaches were considered and decisions regard- 
ing program direction were resolved. Principal Investigator Caldwell C. Johnson 
and Robert Bond were to direct the experiment and experimental conditions. The 
basic problem was that no data or reference material existed that coxild be ex- 
amined for solutions to questions. 

Three basic considerations dominated the experimental conditions. Based 
on whatever information or judgment or suggestions that could be assembled the 
layout of the crew quarters and the crew accommodations woxild be the bp'-t that 
could be provided. Second, systematic evaluation of the habitability provi- 
sions should be obtained throughout and after each mission and the accumulation 
of these evaluative comments should be accomplished in the least interruptive 
manner possible. Third, the data should be collated, interpreted, and reported 
to provide the base for designers and program planners for future space mis- 
sions . 


The comments of the three crews testify co the degree that the first two 
considerations were met. This report is designed to answer the third objective 
of the effort. 


E. J. McLaiJighlin, Ph. D. 

The University of Te ? Health 
Science Center at Houston 
March 1975 
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SKYLAB EXPERIMENT MU8T 
HABITABILITY/CREW QUARTERS 
Bjr Caldwell C. Johnson* 


SIWMARY 


Skylab experiment MU87 was established to evaluate and report the habita- 
bility features of Skylab in engineering terms useful to designers of futvire 
spacecraft. Habitability is often thought of only in terms of comfort and con- 
venience but Skylab e3q>erience showed good habitability features could be meas- 
ured in man hours made available to productive tasks. In many instances, 
slightly improved habitability provisions would have saved valuable time. 

Except for mobility and restraint of crewmen in zero g, which were not 
well understood before Skylab, habitability requirments for spacecraft were 
found to be little different from those on Earth. 


INTRODUCTION 


Because of limited volume, weight, and energy budgets, manned spacecraft 
before Skylab could ill afford the measures of comfort and convenience reqxxired 
to make spacecraft modestly habitable. But because of the nature of the mis- 
sion, spacecraft habitabili'”’ vas not of overriding importance or deemed nec- 
essary. However, Skylab coitld afford a measure of comfort and convenience. In 
consideration of the extended diuration of S> 'lab missions and heavy workload 
imposed on its crews, the continued proficiency and well being of the crew was 
thovight to Justify the cost of modestly habitable living conditions. Skylab 
Experiment Ml»87, Habitability /Crew Quarters, was established to eveuLuate the 
effectiveness of the habitabilily provisions of Skylab, not in terms of the 
crews’ physiological end psychological reactions to those provisions, but in 
terms that may be useful to the designers of future spacecraft. This report 
presents many of the concliisions made at the end of Skylab. 

As an aid to the reader, where necessary the original units of measure 
have been converted to the equivc^lent value in the ^ysttoe International 
d' Unites (si). The SI units are written first, and the original units are 
written parenthetically thereafter. 


•Principal investigator 
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BACKGROUND OF THE EXPERIMENT 


The Beginning of Skylab 

Habitability became a spacecraft design goal for the first time with the 
I Apollo Applications Program (AAPJ in I965. The program represented a new ap- 

( proach in manned space flight. The initial concept called for using the S-IVB 

stage of the Saturn V launch vehicle as a three-man habitat for missions last- 
ing 8 weeks. The propellants were to be purged and life support systems acti- 
vated after orbital insertion. However, in July I969 a redirection of the 
Apollo Applications Program called for equipping the S-IVB stage on the ground 
as a habitable system ready for immediate occupancy by the astronauts in orbit. 
Six months later the program was renamed the Skylab Program. The space station 
was called Skylab. 


The Spacecraft 

Skylab was the largest and most habitable manned spacecraft of its time. 
Total pre* surized volume exceeded 3^0 cubic meters ( approximate 12 OOQ cubic 
feet) compared to approximately 8 cubic meters for the Apollo command module. 
In addition^ Skylab was the first spacecraft with crew quarters designed for 
living and work functions. The food and water systems > personal hygiene sys- 
tems, restraint and mobility aids, and sleeping accommodations were new to the 
manned space program, 

Skylab is shown on fig. 1 with sections of its skin cut away to show the 
principal living and working areas. The figure illustrates Skylab as it was 
intended to be with two solar energy collectors deployed and thermal shield in- 
tact, Actually, Skylab lost one of the solar energy collectors and a part of 
the thermal shield during launching and had to make do with less electrical 
power than planned and Jury rigged thermal shields (fig. 2). 




Figure 2.~ Skylab with one solar array panel 
and jury rigged thermal shield* 


Comprehensive reports on Skylab, particularly its manned areas, life sup- 
port systems, and habitability accommodations are contained in refs. 1 and 2. 


The lower electrical power budget was a troublesome constraint for the 
overall operation of Skylab but was little more than an inconvenience from a 
viewpoint of habitability. The overheating of the living area and stowage 
during the early days of the mission and for a short while after the first 
thermal shield was rigged probably had a deleterious effect on the palatal 
of some of the stored food and interf erred with sleeping. 


In general, habitability accommodations of Skylab were rated high by all 
crewmen. The functional success of habicabillty accommodations means that the 
foundation for future orbital stations has been significantly enhanced. Except 
for food production and recycling of wastes, few advances beyond present space 
technology will be required for long missions. Credit for successful design 
and development of the habitability equipment must go to the combined man/ 
machine engineering efforts of the spacecraft development contractors, MSA 
support contractors, and MSA personnel. 




Onboard Operations 

The Skylab mission began May 1^, 197'^% with the 7 aanch of the Saturn Worl> 
shop into a nearly circular orbit at tin altitude of UJb kiloir ?ters and at an 
inclination of 50 degrees to the Earth's equator. The mission lasted 272 days, 
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duxrLng which time nine men in three different three man crews manned Skylah for 
periods of 28* 59» and 8U days. Despite some prohlmas* the total time the 
crews spent aboeurd Skylab exceeded the planned time. Furthermore* the crew 
performed scheduled and unscheduled (derations with less difficulty than was 
anticipated. 

Life aboard Skylab was scheduled for all crewmen to work* eat* and sleep 
consonant with the day nij^t cycle at Houston* Texas. The no^nal day began at 
6:00 a.m. and ended at 10:00 p.m. * Houston time. One day in 7 or 8 was set 
aside as low activity dey^* but usually it was not Sunday. The crewmen usually 
ate breakfast together and planned the activities of the day. Lunch was usu- 
ally eaten when convenient to other activities but the evenixig meal was eaten 
together. The crew often worked until bedtime. 0ccasioncQ.3y* the normal rou- 
tine for all three crewmen was completely interrupted by a major activity such 
as extravehicular activil^ (EVA). Often an f -dividual crewman's day and ni^t 
were rescheduled to sxiit a particular experiment. 


If one doesn't look too closely* Skylab crews would appear to have appor- 
tioned their oime in orbit about the same as they do when on Earth. Hhile in 
orbit they spent approximately two-fifths of their 2U hour day performing ex- 
periments or operating the spacecraft and three-fifths of their time sustaining 
themselves; i.e.^ eating* sleeping* grooming* hygiene* exercise* and recrea- 
tion. The difference between their spaceflight and normal Earth d(^ was the 
large percentage of time spent on personal hygiene at the e:q>ense of recreation 
time. The crews consistently conplained that they were worked too long. How- 
ever* they worked about the same as most of us on Earth do but had to spend too 
much of their own time on chores that are generally considered incidental on 
Earth: grooming* personal hygiene* and to some extent* eating. It is not sur- 

prising that Skylab 's accommodations for those necessary activities had a large 
bearing on the operational utility of the crew. Habitability provisions are 
often thou^t of only as a contribution to comfort and convenience* and meas- 
ured only in esthetic terms. But from the expeidence of Skylab* many of the 
habitability provisions could be ir''asured as in-flight man-ho\irs made available 
to productive operation (refs. 3* ^* and 3). 

Skylab Crewmen 

Experiment Ml»87 did not deal with the physiological or psychological reac- 
tion of the crew to the hftbitability provisions of Skylab. But* since many of 
the data taken in the course of the escperiment were subjective* some knowledge 
of the physical character and professional background of individual crewmen mEy 
help to better understand their individual opinions on particular aspects of 
the spacecraft and daily operation. For the most part the opinions agreed. 

^e few differences were inconsequential and were a matter of emphasis* i^ich 
reflected a sinqple difference in physical stature or professional point of 
view. Pertinent biographies of the nine Skylab crewmen are presented in tqi- 
pendix A. 



DBSCRimON OF THE EXPBOMHIT 
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Experiment NH87^ babitabilil^/crev quarters* vas esttabllshed to evaluate I 

and report baibitaibiiitgr features of Skylab in engineering terms that would he 
useful to designers of future spacecraft. Experiment Mii87 vas not an experi- \ 

sent in the classic sense. The e^^rimen^ vas more a demcHistration of how well 
technology could reduce hflibitaiblJlty to an activity entirely incidental to the 
spaceflight mission itself. Within the limits of programnstic resources. Sky- 
lah vas configured to reflect the hest understanding of the requironents for 
habitability. Ihe experiment sou^t to evaluate the suitability of those re- < 

quirements, not the technical excellence of their engineering iaqplonentation. 


Objectives 

To satisfy the objectives* specific tasks had to be identified within each 
mission that would satisfy the data requirements and be amenable to unobtrusive 
data collection techniques. Questionnaires and rating' forms for areas of spe- 
cific interest were included with the onboard cl^dElists and periodically com- 
pleted by eacdi crewman. Environmental measuring instrusents were placed on- 
board for periodic* quantitative assessment of the environment to supplement 
the crewmen* s subjective evaluations. 

A Mission Requir^aents Document (MSB)* specified the mission requirements 
and objectives for mission activities (ref. 6). There were sepaxate MRDs for 
each mission, vhi<di provided a medium for incorporating new requirmoients based 
an previous mission esqperience. A separate section of the MRD was devoted to 
each flicd^t eqpezdment. These sections were known aa the Detailed Test Objec- 
tives (DID). *<he schedule events that comprised the in-flight administration 
of the experiment protocol were known as Functional Objectives (FO) and made 
up the indentured details of the DTO. Ihe FOs developed for Ejq^riment MUST 
for each Skylab mission are: 

Skylab 2 (SI»-2) FOs. - Twen^ functional objectives were scheduled for 
SL-2. The flirst three FOs called for periodic evaluation of habitability by 
each crewman. 

1. An assessment of the design and operation of habitability equipment 

2. An assessment of the habitability aspects of the living compartments 

3. An assessment of the fsrequency of use of habitability featuu^s 

A roundtable discussion by all crewmen during the early part, midway, and 
late in the mission was required by FO U* 5, and 6. Three sets of questions 
were ptrovided as subject matter for these discussions. 

Meas”rement of overall sound pressure levels and center band frequency 
spectrum at prescribed locations within Skylab cox^tituted FO 7* Seven pieces 
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of equipnent vere provided for the accomipllshment of FO B» vhich were a veloie- 
eter to measure the air velocity* one digital and three aaibient thermometers to 
measure surfase and air toagperatiures » a force measuring gage to determine push/ 
pull forces, and a measuring tape. 

Functional objectives 9 through l8 were designed to acquire photographs 
early and late in- the mission of the crew performing routine living, housekeep- 
ing, and SAintenance tasks. Ihese photographs vere erqpected to daaonstrate tlA 
efficacy of the habitability equipment and to reveal any differmtice in the uti- 
lisatioTi of the equipment by the crewmen as the mission progressed. !Ibese FOs 
vere designed to support experiment M5l6, Crew Activities Alaintenauce Study. 

Functional Objective 19 was the waste management coapartsient photographic 
demonstration midway in the mission. The preferred method for mounting and 
dismounting the fecal/urine collector, use of all restraints Including lap 
strap, methods used for various personal hygiene and grooming techniques such 
as sh ving, hair cooibing, using the hand washer, washcloth squeeser, and mirror 
and associated restraints were all to be dmnonstrated and photographed. 

Functional objective 20 allocated film for photographing off<>du1y^ and 
hygiene activities. 

Sky lab 3 F0s. ~ Eighteen FCs were scheduled for the SL>3 mission. Exper- 
ience ^dned during the SL-2 mission led to several changes in the FOs pressed 
for SL-3. Ibe following are the changes. 

Functional objective 1 included an eiqtanded subjective evaluation guide 
listing additional equipment and clothing to be evaluated. Functional objec- 
tive 2 remained the same as on SL-2. Functional objective 3 called for using 
a revised evaluation guide pertaining to onboard tools, miscellaneous support 
items, and scheduled and unscheduled maintenance tasks. Obis it^ was designed 
to support the'M5l6 experiment, which had no suitable checklist for crew comf- 
ments. The SL-2 equipment frequency-of-use guide was deleted for this mission 
because the data vere found to be available in the transcripts of daily crew 
conversations. 

No major changes were made to the crew debriefing for FOs U, 5, and 6. 
Functionetl objective 7 consisted of a new set of questions oriented toward a 
rotmdtable discussion of in-flight maintenance and supported experiment M3l6. 

Sky lab U FOs. - Nineteen FOs were scheduled for the Skylab U mission. 
Functional objectives 1 tbrouqdi 8 and 12 throu^di 19 were unchanged. Functional 
objectives 9 through 11 were changed to determine the effects of zero g upon 
the crewmen's hei^t. Height measur^ents vere required in the morning and 
evening of the same day during the early, middle, and late parts of the 
mission. 

Two additional FOs were added during the mission. Functionetl objective 20 
called for additional photography and FO 21 called for an evaluation of conical 
cleats on the "triangle" shoes. 
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In-fllgjit Data Acquisition 


The conclusions of this report were hased on ohJectiTe and suhjecti've data 
acquired frcn real-tiae television and video tqpes* 16 n film returned vith 
the crews » operational conversations* svibjective reports hy the crewnen during 
the aissions* and postflii^t debriefings* Of the data sources, video tapes 
and the l6 an fila provided the aost useful objective data. The periodic re- 
ports by the cxevnen during the aission provided the aost useful subjective 
data, especially after group reporting was abandoned in favor of individual 
reporting and aore meaningful questions were asked of the crewmen. Although 
televised activities tended to be sonewhat staged, careful reviev of activities 
incidental to the aain sid>ject often would reveal noadnal perfoxaance. Sub- 
jective reports by all nine of the crewaen did not always agree but the dispar- 
ities were not of the degree or nature that would refute the consensus. 

Data acquisition techniques were intended to be unobtrusive in the sense 
that staged dcaonstraticms were avoided; however, tiae was required to set up 
caaeras, use environmental measuring instruments, and tape of transmit in- 
flict debriefings. 

Subjective evaluation data. - Two '^rpes of subjective evaluation data were 
solicited from the crewmen. Questions were asked of the crewaen concerning 
general aspects of living and working in sero g, and rating scale evaluations 
of specific equipment itans and coupairtment architectural anrangaaents. Ques- 
tionnaire forms were furnished as part of the Mk87 data package. All subjec- 
tive evaluaticms were voice recorded and transmitted to the ground. In addi- 
tion to scheduled in-fli^t evaluations, ad hoc crew coanientaxy was requested 
as the missian progressed. As the experiment support team gained experience 
with this method of data collection, certain changes in format were deemed 
appropriate. These mission-by-mission dianges are shown in Tables I through 
IX. 


Debriefing questionnaires: A series of general questions were formulated 

concerning the various aspects of living and wozicing in zero g. The questions 
were varied so more specific questions were used during the early-mission eval- 
uation and general questions were used during middle- and late-mission evalu- 
ations. The SL-2 crew debriefing questions are in Tables I, II, and III. The 
same questionnaire was used for SL-3 and SL-U except for the deletion of 
question 2A, nunber five. The qzmstions were intended to stloulate discussion 
between crewmen about the various habitability parameters but only the SL-2 
crew used then in this manner, ibe other two crews chose to answer the ques- 
tions individually as a matter of time-line and scheduling ccmvenience. 

Equipment items and coDpartment evaluations: The crewmen individually 

evaluated the various spacecraft eqTd.praent items and ar<diitectural p>araamter8 
of each spacecraft conpartment. A 5 point rating scale was desigrod specifi- 
cally for zise with the evaluation forms but the prime data return was expected 
to be the crews' coaments and suggestions in support of their specific indivi- 
dual evaluations. The SL-2 rating scale evaluaticm forms are presented in Ta- 
bles IV, V, and VI. Table VII lists the changes for SL-3, and Table VIII iden- 
tifies the changes for SL-U. 
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TABLE I. - SL-2 M|I»8T*>2A CRBV SBBSISniO 
(BOUBD TABLE DISCU8SIQH) 


1. Vhat particular aspects of the 0/A seen veil designed 

and arranged for living and vorfcing in taeo gt Vbat aspects are 
deficient and howT 

2. VhiCh restraint device offered the aost assistance in perfbning 
tasks; vhi^ the leastf Mhat recoasiendations do you have fOr 
iaproveaents? 

3. How effective is non-equipaent-assisted verbal ccoaunication 
throu^tout the 0/At Bow satis factory have the intercoa boxes been 
for IVA com. voice recording* and ground coaat Are their 
locations in each coapartaent satisfaetoiyt 

A. How satisfactory are the food aanagcaant and dining accoaaodations? 
Bow well does the food adhere to the utensils when eating? Hotild 
a closer tray>to-«outh proxiaity have iaproved eating ee«e? 

5. Hhat safety probleas have arisen that are directly related to 
habitability? 

6. Hew satisfactory have the various environaental eleaents of 
habitability be«a in providing a suitable habitat (limiting* noise, 
teaperature, hvaidity, air flow)? 




TABLE II. - 8L-2 Ml»87-2B CRBH SBBRIEPIBO 
(BOUBD TABUS SI8CU8SI0H) 


1. Hour adaptable are the -various coapartaenta to oultiusea beyoad 
their priae design function (e.g.» does the sleep compartment 
double fbr off-duty reading* etc.)? 

2. Bov adequate has the sleep restraint been for sleeping? Has it 
been usefbl for anything other than sleeping? If so, vfaat? 

3. Hhat noneating uses have been found for the vardroom table? 
Would a design modification of the table and its associated 
restraint be desirable for any or all uses? 


h. What sanitation problems have developed and how have you dealt 
with them? 


5. What is the Bust disconcerting personal bygiene problem you 
have encountered? 

6. How effective and efficient are the cleanup procedures and 
hardware? How nnich of the tine line iaposition are cleanup 
chores? 

T. How adequate is the ATM "Chair?" Is it readjusted for each 
crewman? Do you use the shoes/k-rid with it? Is the toebar 
useful? Do you use the chair anywhere other than at the ATM? 
Where? What design inprovanents do you recomiiend? 

8. Bow 'omfortable are your garments in terms of fit, warmth, and 
d^-./doff ease? Were th^T sufficiently resistcmt to teairing and 
abrasion? Did they tend to snag as you moved about the 0/A? 
What recoBDnendations do you have for iaproving IVA garments? 

9. What changes have you detected in the environmental elaaents 
discussed as the last question in the first debriefing? Have 
you used any of the MU87 instnmients to document these changes? 
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TABLE III. - SL-2 Mh87-2C CREV DBBHIEFIBO 
(ROUHl} TABLE DISCUSSIQH) 


1. fftiich is preferable* the floor/ceiling orientation of the OHS* 
or the open cylindrical arrangenrat of the MDA/STS? HOv do the 
tasks to be performed influence your prefer«>ce of oriontationt 

2. Bov adequate az« the restraints and mobility aids throu^iout the 
0/Af Are more needed? Where? Are some unnecessaiv^ Which 
ones? 

3. Knr often hare environmental factors (e.g. * noise* temp* 
airflow* illumination) interfered with your abili'^ to perform 
a task? Which tasks and where? Kive any of these factors 
interfered with your ability to sleep? 

k. Wiat unique off>duty activities have you devised to supplmsent 
those provided in the ODAE kit? What recommendations do you 
have for improving recreationsd facilities and equipment for 
future programs? Are such Iteas an iagtortant consideration for 
a mission the length of yours? 

3. In terms of your zero>g living and working experiences during 
this mission* what specific habitability improvements would you 
recoBmmnd for the next Skylab crew; for future programs? 

6. How satisfactory is the frequency of change of bedding and 
clothing? 




TABLE IV.- 81r-2 lli»87-3A SUBJECTIVE EVALUATKM 
(COETIflUED) 


nsiBucnoii; 


Svaluute and voice record the overall adequacy of the equipment items. 
Descriptive coonents are encouraged* especicdly concerning the folloving: 
Functional performance 

Conveni^ce of use location and orientation 
Comfort and. ease of use 

EWaiJATIOW DEFIHITKHiS 


RATIHG 

EXCELLBIT 

VERY GOOD 
ADEQUATE 

POOR 

UHACCEFTAHLE 


DEFimnOliS 

IMPROVEMENTS ARE N OT NEEDQ) AND NOUU) ONLY A MATTER 
OF PERSONAL PREFStERCE 

MINOR I»ff»ROVEME»TS ARE POSSIBLE BUT NOT REALLY NECESSARY 

SOME SHORTCOMINGS FOUND AND A FEN IMPROVEMENTS ARE 
DESIRABIE 

NUMEROUS SHORTCOMINGS FOUND AND IMPROVEMENTS ARE NECESSARY 
GROSS SHORTCCNmiGS FOUND AND IMPROVBMQfTS ARE MANDATORY 


ECUIPMHiT ITEMS 


WORK RESTRAINTS/MPBILITY AIDS 

• OWS firesan's pole 

• ONS dome and vail handrails 

• STS handrails 

e NDA handholds/handrails 

• Triangular shoes/grid 

• Water tank foot platfora 

• ATM foot platform 

• Portable M512/Hb79/EREP foot 
platform 

• Portable PGA foot restraints 

• Portable handholds (specify 
vhere and hov used) 

• Portable equipment restraints 
(tethers* bungees, universal 
mounts* etc.) 

• ATM seat/backrest restraint 

a Conical shoe cleats/grid 


WASTE MANAGEMENT/HYGIEHE EQUIPMENT 

a Fecal collection equi|»ent 
a Urine collection equipment 
a Urine- flush vater dispenser 
a Hand vasher 
a Fecal/uilne collector lap 
strap and handholds 
a )NfC hcuid vasher handarail 
a WMC light-duty foot restraints 
a WMC ceiling handrail 
a Drying stations 
a Shover 






TABLB V. - 8L>2 Mb8T-3B SUBJSCTIVB EVALOATIOn 


iBsmucnoHS 


Evaluate and voice record tte deaidn features and aeccoaDdations of each 
coapurtaent (it is not required to be in the conpartaent being evaluated). 
Descriptive coonents are «rtcouraged» especially for items considered only 
adequate or less than adequate. Itee the following terms: 

EVAUIATIOB ISnTimOBS 

BAIIBG 

I^BITICW 

2XCELLEHT 

mPRovmons are bot beeded abd would obly be a matter 


OP PS^BAL PREPGSEBCE 

VERY GOOD 

MIROR DODOVEMBiTS ARE POSSIBLE BUT BOT REALIY RBCES8ARY 

ADBQUATE 

SOME 8H0RTG0MINGS FOURD AHD A FEtf IMPROVStOnS Ji£ 


DESIRABLE 

POOR 

HUMEROUS SHORTCOMINGS mSSD AND IMPROVEMENTS ARE NECESSARY 

UBACCEPIABLE 

GROSS SHORTOOMIRGS FOUBD ABD IMPROVBIEBTS ABE MABDATORY 

Evaluate each 

of the following coiqpartments with the habitability paraaetexu: 

COMPARMEBIS 

HABITABILITY PARAMETBt TO BE EVALUATED 

VARntOQH 

• General arrangoaent and orientation of coni>artment 

• Volume of coBg^artment 

me 

• Ceiling/floor proximity 

• Ingress/egress provisions 

SLEEP 

• Trash collection provision 

• Stowage volume & access 

EXPERlMOn 

• Temporary equi|8nent restraints 

• Personnel mobility elds 

FOBNABD/DOME 

• Personnel restraint cteviees 

• Thermed comfort 

AIBLOCK 

• Noise level 

• Illumination 

MDA/STS 




I 




< 

lU, . 

'' t 

TABLE VI. > 

SL-2 )^87-3C SUBJECT'IVE svaluatiok 

1 

1 

mSTRUCTIONS 



/ 

Evaluate and voice record the frequency of use of items in the folloving teims: 
# 

H 

FREQUEHa EVAUIATlOfi TEBM8 




• Daily or evexy opportunity 


4* 

• Bveiy other day 



V 

• Once a week 




• Every 2-3 weeks 




• Never - 




If an item was seldom or never uted, esq^lain whether it was a function of { 

*: 

poor design » malfunction* no irequirement* etc. 

Thou^ not specifically 1 

* 

requested, the adequacy of any item may he independ«itly evaluated hy 1 


using the evaluation definitions. 


; - 


ITEMS TO BE EVAUIAIED 



• Jacket 

• Penligbts 

• Books (pleasure) 

- 

e IV boots 

e Scissors 

• Hand Exerciser 


• IV Gloves 

e Tbcl Caddy 

• Hand Balls 

^ 

• Bump Hat 

e Portable Pan 

• Dart Set 


• Pillow 

e Tape Player 

• BxeiMiym 


e Blankets 

e Headset 

e Binoculars 


e Li^t Baffle 

• Micro|dione 

• Vindovs (off duty) 

. » 

s 

• Privacy Curtain 

e Playing Cards 




\ 

t 



i • 


Ik 


J 





rr‘ 






TABLE VII. - SL-3 Ni»87-3 SUBJECTIVE EVALUATIOES 
(SL-2 DEVIATIONS) 


M>t87«3A SUBJBCnVE mLUAMOil GUIDE 


WOWC BBSlHAimS/MDBILlW AIDS CATEOCTY 


Deletion 

WASHS NABAGOOOT/HYGIEIIE 


Portable M512/M>>79/ERff Foot Flatfoiv 


CAXBCK»<7 


Addition 


e PeraonAl Birgiene Kit 


Deletion 


Misfia.T.AWBfn)s cAiBSom 


Additions 


e Urine-Flush Hater Dispenser 


• Tbol Caddir 

e Portable Fhn 

e Off-Duty Activity Equipment (QDAB) Kit 
Qaments 
e Litfit Baffle 

• Privacy Curtain 


Il»t87-ac SUBJKCTIVB BTAmATItMi (am>B 


Deletion 


e The Ebtire Ouide 






TABLE VIII. - 8L-2 MU87 PHOTOGRAPHIC REQUIRIMERT8 


fO 

no. 


msaloo 

tiw 

rragee/sec 

Running 

tiae« 

■to 

9 

Batlne of Mol (omnltig) 

Early 

6 

10 

10 

tatiag of asal (rveniiig) 

Ute 

6 

10 

U 

raff clothing and iagreas aleop 
raatrmint 

Btrly 

6 

2 

IS 

Doff clothing and ingress sleop 
restraint 

Ute 

6 

7 

11 

Egress slss^ restraint and Am 
clothing 

Early 

€ 

2 


Egress sleep restraint and don 
clothing 

Ute 

6 

2 

19 

Clesn nixlBg ebaaher screens in 
daw 

Esrly 

2 

10 

16 

Cleon adalng dksnber screens in 
dew 

Ute 

2 

10 

It 

Trash airlock operation 

Middle 

2 

3 

l8 

Trash airlock operation 

Ute 

2 

3 

19 

Dsmstration of activity in enste 
aanngrasnt eoagartment 

Middle 

1 2 

1 

5 

20 

Crew choice vnrious off-duty 
and hygisoe nctivities 

1 

As nvailalle 

1 

1 Crw optloo 

Craw option 


EnviroDmentfil measuronents .- The e3Q>eriment provided several environmental 
instruments to be used primarily at crew options for measuring vurious aspects 
of the Skyalb environment. The data were used to supplement the crews' subjec- 
tive impressions. The instruments included the following and core described in 
appendix C. 

1. A veloneter to measure air velocity 

2. Digital and ambient thermometers to meastire surface and ambient 
temperatures 

3. A force gage to determine push/pull forces 

U. A sound meter to monitor the sound pressure levels 

3. A frequency anadyzer for measuring the acoustic spectnjm 

6. A measuring tape to gather quantitati/e data on dimensions and 
rangement of the orbital assembly (OA) architectxire 

Photograrhic coverage. - The allocation of motion picture film for SL-2, 
SL-3* and SL-U is shown in Tables IX, X, and XI. In addition to the scheduled 
photography, scheduled and unscheduled television transmission provided real- 
tiar.' and video-taped visual records of many crew activities. Motion picture 
frame rates were selected to conserve film but in retrospect, higher rates 
would have conveyed better the subtleties of performance in zero g and with an 
acceptable reduction of total time. 




TABLE IX. - SL-U M487-3A SUBJECTIVE EVALUATI0R8 (SL-3 BBVIATIQRS) 


WOMC RBSTRAlBT/MDBILm AIPB CATBOORif 


Addition 


MTSffBT.T.Airar )os CATBOOBT 
Additions 


• VMC Band Masher Handrail 
e Tomls/ftasb Cloths 

• General Utility Wipes 

• Wet Wipes 

• Biocide Wipes 

• Utensil Wipes 

• Trash cmd FlenuB Bags 

• Urine/Fecal Bags 


e Air Diffusers 

e Air Tents (sleep eoopartaw*’ ' 


TABLE X. 


SL-3 HU87 PBOTOCHtAFHIC RBQUIBEME>!T6 


PO 

no* 

Subject 

mssion 

tiVft 

frspes/aec 

Running 

tlM, 

■in 

9 

Entlng of oeal (any) 

Burly 

6 

5 

10 

Eating of Msal (any) 

Middle 

6 

5 

11 

Eating of Ileal (ary) 

Late 

6 

5 

12 

Cleaning of Mixing cbabber 
screens in done 

Burly 

2 

10 

13 

Cleaning of itlxing cba^r 
screens in dose 

Middle 

2 

10 

111 

Cleening of nixing chaaber 
screens in done 

Late 

2 

10 

15 

Trash airlock operation 

Early 

2 

5 

16 

Trash airlock operation 

mdiile 

2 

5 

17 

Trash airlock operation 

Late 

2 

5 

LL 

Restocking pantry 

Middle 

6 

15 


17 



TABLE XI. - SlA MU87 PHOTCXatAPHIC RBQUIRQtERTS 


ro 

no. 

Subject 

maaioii 

tin* 

rrtme/am 

Runnlc^ 

tiaa» 

■in 

12 

intlns of nmol (nnar) 

larljr 

6 

5 

13 

Inttns of neal (niqr) 

Middle 

6 

5 

111 

Bntinc of anal (anar) 

Lata 

6 

5 

13 

Cloanlag of alxlnc ebaabcr 
•eroans in dam 

Barly 

2 

10 

16 

Cloanliii in nixing etuuibor 
acr»«ia In dam 

Ut« 

2 

10 

17 

Vnato nwnngiinsnt con|)artaMt 
actlvity/pononal hyglono 

Burly 

6 

L 

18 

Vnato aanngMent conpartnont 
aciitritar/pcrsoiial byglono 

Late 

6 

5 

19 

Aostoeklng pantry 

Itiddlo 

6 

Ik 

Pit 

Choekliat upanting 

Late 

6 

20 


In-flifdit ob.lectlves acccmplished. - All functional objectives were accom- 
plished for three missions, except the photographic requirements of FOs 10 and 
20. However, it was evident as the mission progressed that the intent of those 
FOs was being achieved by television coverage and photogrt^hy for other 
purposes. Also, as the missions progressed, the formalities of real-time com- 
munication between the eiqperiment siqpport team and the crew relaxed to the 
point where i>ertinent qt^stions could be discussed more readily while the cir- 
cumstances of the issties were fresh in the mind of everyone. Taken together, 
enough voice conments, taped evaluations, and television images were transmit- 
ted and enou^ film was brought back by the crews to satisfy essentially all 
data acquisition objectives of the eiqperiment. 


Postflight Debriefings 

A series of debriefings of the flight crews by several management and 
technical levels of NASA took place as soon as the crewmen returned to Houston 
and had an opportunity to rest. Ihe debriefings provided another valuable 
source of data, not so much because additional facts vere brought out but be- 
cause earlier comments were clarified. In some instances, the crews were able 
to explain objective data that otherwise would have been misunderstood. There 
were thiree fomal debriefings and a nunber of unscheduled discussions with 
individual crewmen. 
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Management debriefings. - As soon as practicable aftei their return* each 
of the crews briefed upper levels of NASA management on the highli^ts of the 
mission. Aspects of the mission of immediate importance to the following mis- 
sion were emphasized. However, the debriefings were mostly overviews and not 
especially pertinent to experiment MUST. 

Technical crew debriefings. - A few days after a management debriefing, the 
three crewmen recounted their recollection of all aspects of their mission. To 
bring out as much infozmatiaa as possible they compared notes and impressions 
and mutually stimulated their individxial recollections of the entire mission. 
!niey generally followed an outline of subject matter prepared for them as a 
guide but were free to digress. Since the technics* oriefings were taped 
without an audience and the transcripts known to be xatended for very limited 
distiribuoion, the ccBmients were candid but often unstudied smd couched in lan- 
guage that eas'"’y could be misunderstood when transcribed (refs. 7, 8, and 9). 

Systems and experiments debriefings. - Debriefings were condxicted for tech- 
nical specialists representing spacecraft systmss, operations, and es^riments. 
Debriefings lasted seversil days and were euranged according to subject matter. 
So the specialists could avoid repetitioiis questions and could seek clarifica- 
tion of a possibly misunderstood point, pertinent portions of transcripts of 
the technical debriefing were furnished the technical specialists beforehand. 
Although many pertinent comiients were brovight out by the question-and-answer 
type debriefings, some questions tended to become leading and the crewmen be- 
came both weaiy and wary (refs. 10 and U). 

Informal debriefings. - The support team for experiment MU87 was located 
at the lyndon B. Johnson Space Center (JSC) and was able to consult with the 
returned crewmen on a *^quent and informal basis. These informal consulta- 
tions were especially useful for pwsuing an obscure point or explaining an 
apparent contradiction of data. And, in return, a crew or crewman sometimes 
used the experiment team and data bank to refresh their memory of how things 
went during a particular phase of a mission. 


HABITABILITY EVALUATION CONCLUSIONS 


Subjective and objective data, casiial cuid studied comments, operational 
records and voice transcripts, and personal knowledge cf the crewmen and the 
spacecraft, taken all together, allow the habitability aspects of Sky lab to be 
eveduated i^th greater confidence than had there been only one source of avail- 
cible infomation. ibis section will stunmarize the results of the eveduations. 

Habitability or whatever one chooses to call the quality of daily living 
is, at best, a nebuloxis concept. To lend some semblance of order when report- 
ing on the subject, habitability is presumed to cooiprise the following nine 
elmaents . 


1. Environment: Composition, temperature, and movement of the respirable 

atmosidierei acoustic and lighting levels 
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2. Architectiu^: Geometric arrangements of compartments and interior 

appointments of the si>acecraft 

3. Mobility and restsraint: Locomotion and restraint of the czemnen and 

mechanical aids 

it. Food and drink: Stowage, preparation, serving, and eating 

5. Garments: Shirt-sleeve clothing 

6. Personal hygiene: Facilities for waste collection, washing, and 

grooming 

7. Housekeeping: Housecleaning, refuse disposal, and stowage 

8. Communication: Intravehicular only 

9. Off-duty activity equipment: Music, hooks, games, and other enter- 

tainment 

The restilts of hahitahilily evaluations are presented for each of the 
categories as narrative summcuides that require one or more of References 12 
through 3U to explain each category in greater technical detail and to piresent 
data and evidence supporting the conclusions. The references are essential to 
a comprehensive rei>ort of e^eriment Ml»87. 

Many of References 12 through 35 were published as Johnson Space Center 
bulletins. The bulletins were published to provide early access to the result 
of Sky lab man/machine engineering experience rele'mit to current development 
programs. Each reference pertinent to Bxpeiiment MU 37 is referred to under the 
appropriate habitability category and scmetimes several references address a 
single habitability category. 


Environment 

The respirable atmosphere in the Sky lab was 70 percent oxygen and 30 per- 
cent nitrogen and mai.itained at an absolute pressure of approximately 3^7 ^ 

2 2 

10 N/m (260 torr). Air leaving the conditioning apparatus was ducted to the 
aft end of the workshop and worked its way through the living quarters and ex- 
periment area to collectors in the forward dome etrea. Local flow in the crew 
quarterc could be regulated by adjustable anemostats. 

Portable fans were scmetimes necessary because of an appaurent lack of 
gravity induced sir convection. Combinations of air and wall taiq^rature, hu- 
midity, and general circulation were such that the crewmen would not be ex- 
pected to become overheated. However, there were instances when the czewmen 
felt that they were siibmerged in a stagnant bubble of hot air. A good example 
is illustrated on fig. 3, which shows a crewman exercising on the ergometer. 
The lack of circulation due to a lack of convection xindoubtedly accounted for 
a tendency of crewmen to overheat. 
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Local lighting vas marginally adequate. In several areas, illuniT nation 
levels were much less than handbook values, and portable lights were necessary. 
In some instances, switches were located so inconveniently that the crewmen 
"made do" without proper light rather than take the time to go to the switch 
panel in another area. Lack of local control of lighting sometimes interf erred 
with scheduled activities. When an experiment was conducted that required the 
operator emd experiment station to be in darkness, the entire experiment area 
and living area had to be darkened. Lighting and compartment at ion did not 
allow sufficient localized control of light (ref. 12), 


Spacecraft Architecture 


Skylab consisted of five major compartments, none of which bore any arch- 
itectural resemblance to another, Tlie multiple docking adapter (blDA) was a 
3-meter diameter cylinder with interior equipment arranged more or less to fit 
the cylindrical walls. The airlock module was little more than e passageway 


Figure 3*^ Crewman on ergometer- 


Airflow from foot to head in the sleeping compartments vas undesirable. 
One of the crewmen reversed his sleeping bag so his head would be next to the 
air inlet. 


Background noise was low, probably beca^ise of the density of the air. 
Background noise was so low in the sleep compartments that very slight noises 
that propagated through the metallic structure disturbed the crewmen when they 
were asleep. 



■hi’ei'tur'il ri,iher'Jn .*? ':o ti.? ^^r-i'au- > 

than a conatfaint. Althoui: 
;e f'-sl'-i bf* Hiaiie of velars’ ana wall ar 
ren*’- -nal floor plany, the v^naaX cues 
i 4.'rew Immediately anu *;i;.on3C 

t ‘ c-viipmenL ^ositJon, 1, sma 

le iit^ition to aaother ^Uhou* 

■:^o, t\e rravity oriente i architecture 
M ri-t.ivities. 


or*] artxien 
reasons. i 


i'ficicncy oi sma 
merits or. Hart 
about in thret] 


Volume tri * 
from sirdlnr i'or.t 
of crewmen tc v 
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FiC'ire S- V.irvirccn. 


Spacecraft sle^r r,ta+.ions re't ilr" :r:i re r:'ic.- 'l :xn t.i-‘V I '.u 

Because Earth gravity rr»ss>.'S a person '■ m* • r-i -:n an'i .irnit;, ^ 

the extent to vhich he r.is nrns a;; i legs, very ‘ 

between the persun and ■biml: abov. I:, rero r, he is not rt 

to one side of thf* coitpartcient an; r- :'.iires Ut"lo unc.;..f, -tj < ;;:'r‘ to h-r.r 
his an:., and feet .against tiio far wail a:.,i iisturb his evn rT.'..v. .‘a.inn 

should :e at least O.T meter from ba’> to front. Additionally, ton in.'rease 
30 to UO millimeters in height after a period of *ime in r.ert .-. Tnat. differ- 
ence must be considered in the ierign v-f tiie sleep stanon. 

** Vsrt ictiX” gIpgP" Gt-ftt-ions h Ono “^vfn *.!* r'x. pi't 

enced some difficulty in sleeping against the "wall" of !iis jomiar*ment but the 
difficulty soon pat^sed. 

The design "eye" posit i<jn and "reae:;" envelopes in rero p a r-- di i terent 
from those in Earth gravity. A f’rf-.jri:m rnssumes a crouen j j * ion ^{ . ig* r.) 
when working at console stations; !ie neither sits down or st an:;; full;, erect. 
Consequently, his nominal eye position is aprrevimatcly r.-o-irs Jiigher .nan 


the effective sine ■ f a given ' vr.partm- nt. ITis wa.s not M-i- n certain com- 
partments in Skylah. For evicnple, tj.e wardroom (fig. h) was 't wi-'l wiien occu- 
pied by all three crewmen. Vet, ail vrowmen seemed rcluctan* ‘o u'e the spr 'e 
above tlie table to relieve the cenres* ; on. Tnerf se-jmed !o be •; natural reluc- 
tance to occupy or to pass thr'-ugh a spac“ normally not usej : sucii purposes 

on Earth. 




that a - his normal seated position, and can reach approximately 0,i) meter be- 
yond h -3 normal seated reach- Tlie best vritinK sui'l'ace height probably should 
be between 0-90 and 0.95 meter above the foot restraints- 



The lack of an "office" was ajiparent. There was no central location in 
the spacecraft for keeping daily bulletins, orders, checklists, et cetera. 
Consequently, considerable time was 3ost in searching for misplaced printed 
information. 

Instances of poor cabinet design were especially aggravating in Z->ro g. 
Cabinet doors that hinged the wrong way or required a l80° opening for removal 
of contents, aiiu latches that drifted back to the latched position after open- 
ing or broke or failed to latch when doors were slammed shut are minor annoy- 
ances when found in a home on the Earth, but are troublesome in a spacecraft 
(refs. 13, ll*, 15, 1^=, and IT). 


Mobility and Restraint of Crewmen 

Mobility modes varied according to the architecture and free space of the 
compartment to be traversed. kT.en in the relatively confined gravity-oriented 
crew quarters (fig. 7) the crewmen moved about more or less perpend' cular to 
the floor by using their hands and toes to propel and guide themselves. The 
so called compression mode of walking was not adopted and little use was made 
of the overhead handrails. When in the relatively open dome area, crewmen 
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usuajjjr crossed the open space headfirst and did not adwayc reach their desti- 
nation vith the most desirable body attitude. The fireman's pole that ran the 
full length of the dome area along the centerline was used to some extent as a 
mobility aid by the first and third crews but not the second crew. 


When proper restraints were available, manual tasks were performed almost 
as well in zero g as in Earth gravity. Properly designed foot restraints pro- 
vided sufficient restraint for tasks not requiring strenuous work with the arms 
Many types of foot restraints were located in Skylab. The shoes with the tri- 
angular cleats that could be locked into the grid floor were a nuisance to put 
on and take off but they offered the best all around restraint (fig. 8). Flim- 
sy instep straps such as those in front of the urinal were useless. 



Chairs were not useful. In a weightless environment, sitting is not a 
natural body position, is tiring to maintain without lap straps, and serves no 
useful purpose. The semi— chair designed for use at the Apollo telescope mount 
console was uset to some extent in the first manned mission but later discarded. 
The thigli restraints at the wartiroom table were effective only when the feet 
were restrained aiso. 


Fixed equip-ment was used for mobility and restraint whether or not it was 
designed with such a purpose in mind. When no dedicated restraint was avail- 
able, any solid appearing object' within reach was used especially when neces- 
sary to arrest motion. Sometimes this action resulted in minor damage to 
equipment. For instance, the latches holding the food trays to the table (fig 
5/ were sprung by crewmen using the food tray as a mobility '■dd (refs. 13, l6, 
17, 18, 19, 20, 21, 22, 23, SU, and 25). 


Pood and Drink 

The Skylab food system was entirely different from those used for previous 
space flights. The system development was based on three considerations that 
were not dominant in earlier programs; a medical requirement to account for 
all food and beverage intake, a requirement for approximately 1 year of stowage 
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at ambient pressures ranging from 0 to 1787 x 10 Il/m (O to 26 psia), and a 
requirement for greater crew acceptance. The Skylab food tray, food cans, 
beverage container, and silverware are shown in the center of fig. 9; the 
Apollo food packages are in the foreground. 





Figure 9.- Skylab food tray. 


The onboard preparation of food vas improved by using a hicher percentage 
of ready-to-eat foods, programable heating devices, and dedicated galley. 

The presentation of food was improved by using open dishes, conventional 
silverware, and a tray to retain several dishes, silverware, condiments, and 
napkins. Certain foods had been eaten in Apollo spacecraft with spoons from 
open plastic pouches, but the Skylab crewmen demonstrated in sero g the prac- 
ticabi"*ity of eating almost all ordinary foods from open dishes with oi dinaiy 
silvei-ilare. Occasionally, portions of the less viscous soups and gravies were 
lost but usually only when opening the containers. 

Palatability was improved by the addition of frozen and chi lied foods and 
a higher nercentage of thermostabilized wet foods. Skylab experience indicated 
that in-fiight preparation of rehydrated foods was not performed as readily and 
conveniently as had been expected. Ttie rehydration process often was time con- 
suming or incomplete. The plastic pouches required for the rehydration process 
were unattractive and, in many respects, defeated the benefits of open dish 
eating. 

All crewmen commented on the apparent blandness of the food although the 
control food on the ground tasted adequately seasoned. There is no general^ 
accepted explanation for the crew’s subjective opinion of the taste of the food 
in flight. 

Regular, group eating periods and tabletop eating tended to dispel much 
of the catch as catch can effect of previous regimens (ref. 26). 
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Gantients 





. ^uaoe fUeht missions was desit'w^ pnncipaUj 

Astronaui clothing for ^ • P i ,v-+t-i mentation, pressurc'-suit opera- 
te meet the requirements of biomedical ^ rravity. Tlie influ- 

tions, communications equipment, non preference for one piece 

erxe of aircraft fliCht S-™ents waa noUce^ ^ 

garments, location of pocke^, overall anpearance receiveti increased consiu- 
styling. For tlkylab, cornromi^ed by flaimr.abil ity constraints, 

eration. However the Jacket, a knit shirt, and 

The wardrobe was expanded to inclul a _ ^ vere nlso added, 

trousers; conventional cotton 1-hirts, under.h-.-.. a.. 

The outer garments are shown on iig. lO- 


Figure XO • ^ Outsr 




The convenlional '^'’cXenuiiron'^Ei^^ e»sy Mjust- 

=e„...uu, 

to fit, and waste mcinagement convenience. 

Knitted or elastle cuffe inside the eleeT« “■* 

to prevent the sleeves and pant was necessary to 

crevmen removed the cuffs and noted Mare However, o+ crewmen seemed 

shake their sleeves or pant legs back into place, hoveve , 

to prefer the cuffs. 
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Clothing became soiled mostly from the wearer's body^ not from the space- 
v-:raft. The outer garments could be worn much longer than anticipated and the 
converse was true of the underwear* Too marjy outer garments and not enough 
'jinoerwear and socks were included in the clothing budget. 


0*lie outer shirt was knitted of a nonflammable ss'tithetic fiber. Burette. 
Wh^n it was worn without a T-shirt underneath, it quickly developed a particu- 
larly offensive odor. 




The shoes, too, were made of Burette and wore out rapidly. The toes would 
not. hold up under the scuffing they received as the crewmen pushed themselves 
about by sticking the toes of their shoes in the grid floor. 


■Hiere was no requirement for protective headgear. Lightly padded, soft, 
bump hats were l^umished but unused. 


Pockets were especially useful in rkylab. Pockets provided one of the few 
places to temporarily stow and carry small articles, Skylab experience indi- 
cates that pockets deserve more engineering attention than they usually receive. 
The location and nature of pockets for use in space flight should be somewhat 
different than found optimum on Earth- The pockets should be deep enough to 
close over items end the pocket should close itself simply and naturally. 

Pockets on the lower part of the pant legs are not readily accessible. Addi- 
tional bulk on the lower legs co^^JOunds the mobility problem (ref. 27). 


Personal Hygiene 


The Skylab provisions for personal hygiene, particularly body-waste col- 
lection, w,?re limirious compared to those provided for Mercury, Gemini, and 
Apollo crewmen. However, convenient use of the waste collection system was 
compromised by the requirement of medical e^eriments to process and return 
urine and fecal senrples. The integrated fecal/ urine collector in Skylab did 
not always work perfectly but the problems encountered were mechanical in na- 
ture and amenable to engineering solutions. 


Because of the water budget and rag squeezer limitation, satisfactory 
rinsing of soap from a washrag was impracticabJ Skylab crewmen found it 
almost in^ossible to satisfactorily rinse a soapy washrag. They discarded the 
soapy rag and rinsed successively with clean rags. The rag squeezer would have 
been more useful if it could have accommodated a towel. 


The esthetic benefit of the shower was hardly worth Its operational nui- 
sance. Water management during showering was satisfactory but the collection 
of loose water afterwards was a tedious time consuming task. The shower and 
general view of the waste management compartmen i. are shcjwn on fig* 11 (refs. 
27 and 29). 
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Fifnxre 11.- Ghower and waste nanaperaent compartment. 


Houaekeering 

HousPkeerlnP Is an aspect of mwned space flight ‘hat nUraets iHtle 
engineering attention, probably becan.'te that aspect of daily living 
is taken for ''ranted. However, prorer housekeeping in space fl-gh vat. 
tl if as d?^fiiu?tan.l time consuming as it is on Earth. Fortunately, the 
Sky lab crews appreciated the potential problems that could arise from sloppy 
housekeeping and disciplined themselves to run a taut ship. 

Temporarv trash receptacles wer..- req ired at points of high 
tion Almost an articles usel in flight arrive in some type of dispo..able 
iS;sc Af tie articles are used, trash accumulates. In ser^ g, trash cannot 
be left lying around awaiting periodic pickup. Each item of n-ash mu..l b, 
placed in a receptacle as it is liscarded. 

Fig. 1? illustrates hov debris migrated t th ' screens of the air collec- 
tor-. Fieoes of tissue, loose van.iers . tape, and other dcsris eventually 
arrived at the filters. Filters should be readily accessible for re-riev 1 
lost articles an’-' for frequent cleatiing or replac'-ment. 

Small articles must be stowed with appreciation for the lack f 
Small articles are well packed for launch bu^ after they are unpacked In orbit 
ar'"a«. no low'r preperiy v.= trainM vh.n put bauk Into ut ,«ap. lookers. 
Whsn a lockrr la opnnod to prt an article, all tbe oti.cr snal art.rles float 
out. Articles placed in drawers often float about haphazardly and the 

drawer. 


ft 
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Figure 12.- Debris on air collector scree.:s 


Provisions to aid stowage fecl^e "r^^TocV- 

re aboard Skylab and many of ,^he identification numbers were 

s were switched around at the contents. The ground knew 

kt of iiequence and location after the various crews had Bwitched arU- 

lere everything was at launc.i u _ ground technicians and -.rewmen lost 

,es to more convenient b th ,,, .^^t 

rack of many articles, a gj -»>- 

rticles. cv i h 

Sleep stations require 

rewmen resorted to stuffing o^equipment inland around the sleep 

he day into or under any handy piece o: *.qu p 

tations. 

Skylab did not develop ^P^®^“J;^°*^a!Jinrurine^aM^ proce^ing. 

low efean^n^ the crews was probably responsi- 

Irying of spills, out tne rigor 

,1.. 'refs. 30, 31, and 32)- 
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Fig\ire 13** Stowage locker location. 


Communication Within the Spacecraft 

Voice comuni cat ion between crewnen in Ekylao was not entirely s atifs fac- 
tor^ ly , principaljj because of the poor impedance tnatcl of the human voice and 
ear in the low-density atmosphere. The crewmen soon gave up trying to converse 
when separated by more than several casters (ref. 13), 


Off-Duty Activity Fquipmcnt 

Books, tape decks and individual players, and several types of games were 
stowed aboard Sky lab as recreational or entertainment equipment. With the ex- 
ception of the tape players, feu were used. Tlje crewmen made little or no use 
of competitive type games. Whatever the explanation, there appears to be lit- 
tle reason to stock spacecraft with checkers, chessmen, or playing cards. The 

darts were aerodynami cally instable ir the 31*5 » 10^ !J/a^ (5 paia) atmosphere 
of Sky lab. 

'Jlie wardroom window provided one of the more important means of relaxation. 
Mos of the time, the Elarth was in view. The crewmen never seemed to tire of 
the view. On some occasions, the casual viewing of Earth by a crewman was the 
means of serendipitous discovery. 

The bicycle ergometer was not placed onbaord Ekylab in the interest of 
recreation, however, the crews found exercise provided a significant decree of 
relaxation (ref. 3l*). 
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GBiETU OBSERVATIONS 


When preparing and conducting and evaluating the results of Experiment 
NU8T, several editorial observations were made of Sky lab man/machine engineer- 
ing that may be \iseful to designers of future spacecraft. 


Operational Importance of Habitability Provisi'^'os 

Habitability provisions in spacecraft are often thought of only as a con- 
tribution to comf03rt and convenience* to be measured only in esthetic terms. 

But in the experience of Sky lab, the contributions could be measured as in- 
flight man-hours made available to productive operation. 

Sky lab crevmen spent one half of their waking hours in activities where 
habitability provisions had a significant effect upon the time required to 
carry out individual tasks. There were many instances irtxere slightly more oo- 
phisticated equipment or acccmmodations would have saved worthwhile time. 

Less than optimum habitabilily^ provisions are not difficult to discern and 
correct, but spacecraft development finds it difficult to accept corrections 
that cure not sponsored by one of the classic engineering disciplines. Ikifortu- 
nately habitability engineering is not regarded as one of those disciplines. 


^acecraft Architecture 

The eurchitecture of Earth-based facilities reflects in many ways the nom- 
inal posture of people. It can be expected that the (architecture of spacecraft 
will likewise reflect the nominee, posture of the crevmen. It is important at 
the outset of design to establish the nominal posture of crewmen with respect 
to <xae another and to the spacecraft. 

Since the Eeurth's gravity^ 'undoubtedly had much to do with man's adoption 
of the erect posture as a matter of mechanical convenience, it may be presumed 
that upon being freed of the gravitational field man would resort to other pos- 
tures. Such may often be the case* but the body has evolved so suitably to the 
erect posture that even 'dien free of a gravitationeO. field men will find most 
of their daily activities more conveniently carried out when they maintain 
their accustomed relationship to the floor, wallr ceiling, and eye-to-eye and 
toe-to-toe relationship with other men. 

TTie arms €md hands are so impoirtant to operational and experimental tasks 
that mobility and restraint incidental to the principeJ. tasks at hand should be 
relegated to the lower body, legs, and feet. Mechanical aids to that end cer- 
tainly can be made less conplex if translation is nominally planar, especially 
if all crewmen can employ the same surface to act against. Additionally, the 
tactile sense and dexterity of the foot is so much less than the hand that it 
is prudent to select one wall of habitable compartments to be trod upon, making 
the other five available for relatively delicate equipment. 
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People communicate better irtien they are face to face and right side 
They recognize visual symbols best when viewed from right side up and get in 
their own light less idien light shines from above. I^e only way to achieve 
those relationships between crewmen is to have all crewmen "stand" on a "floor" 
and place the lights in the "ceiling." 

Controls and manually operated devices are designed to suit the articu- 
lation mechanics of the body. Devices are difficult to operate unless they 
are right side up. ^es can scan and hands can reach a much greater swath 
idien the head» trunk* and legs twist side to side rather than bend forward and 
backward. Mutual overlap of scan and reach swath of crewmen is greatest when 
all crewmen are erect to a given plane. 

These arguments are not intended as cm effoxi; to prevent crewmen in zero g 
situations from assuming irtiatever posture or attitude seems most appropriate to 
the circumstances; but mobility and restraint aids* tactile senses of the hand 
and feet* visucQ. recognition* lif^ting* person-to-peirson cocsaunication* and the 
curticulation character of the human bo^ suggest that the architecture and ap- 
pointments of spacecraft should presume that czewmen will go about their ncaii- 
nal duties more or less erect to a common "floor." There may be powerful psy- 
chological reasons to maintain some semblance of the accustomed Earth-like 
orientation* but tiie engineering reasons alone suffice. 


Mobility and Restrcdnt as a Spacecraft Systan 

Ever since EVA during Gemini flights called attention to the kinesthetic 
problems of zero g mobility and restraint* it has been appcurent that zero g 
space fli^t requires the development of an engineering rationale to deal as 
rigorously with crewman mobility end restraint as with the mechanics of otlier 
space fic^t systems. Nevertheless* mobili'^ and restraint of the crewmen were 
not afforded the same degree of engineering attention as other dynamic and kine- 
matic systems in Sky lab* probably because the designers were misled by the ap- 
parent ease with which the astronauts handled thmoselves in the confines of the 
Apollo spacecraft. 

!Ihe few rigorous* end-to-end* analytical or experimental simulations that 
were performed dealt with the operation of pairticular experiments. Pew simula- 
tions dealt with mobility and restraint considerations for routine activities 
or sought to develop uniform procedures and mechanical aids. As a result* Sky- 
lab contained all kinds of restraint devices and mobili^ aids* some worked and 
some were useless. 


Testing Habitability Equipment 

Had it cot been for the Skylab Medical Equipment Altitude Test (SMEAT)* 
some habitability equipanent would not have been found faulty until too late to 
correct. Principally* SMEAT was not intended! to test habitability equipment. 
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In the course of living 56 days in a grounc .^ased simlator, outfitted mostly 
with Skylab gear, three crewmen subjected much of the habitability equipaient to 
the only functional test it received or would receive before flight. 

Habitability equipamnt received more or less the same developa»it and com- 
ponent tests as did other Skyl(d> equipment but functional tests of the man/ 
machine interface often were cverlo<dced. When the man/machine interface was 
tested, the tests seldom reflected the vagaries of human performance. 


35 



•X 


BIBLIOGRAPHY 


HOTE 


Sons docxBents listed were not 
given geMral distribution or 
written as fontal references but 
magr be used as such bjr qualified 
e^plicants or writers. 

1. HASA TMX 6U8lb, MSFC Sky lab Mission Report - Saturn Workshop 

2. HASA IMX 6U825* MSFC Sk^ lab Crew Systea Mission Evaluation 

3. HASA JSC-O8U1U, Revision A, Skylab Mission Report* First Visit 
k. HASA JSC-08662* Scylab Mission Report* Second Visit 

5. HASA JSC-08963* Skylab Mission Report* Third Visit 

6. HASA 1-MRD-OOlF* Mission Requirement Dociaents: 

Voluae I* First Skylab Mission 
Voliase II* Second Skylab Mission 
Volume III, Ihird Skylab Mission 

7. JSC-08053* SLl/2 Technical Crew Debriefing 

8. JSC-08478, SLl/3 Technical Crew Debriefing 

9. JSC-08809, SLl/k . -chnical Crew Debriefing 

10. JSC-08082, SLl/2 Corollary Experiments Debriefing 

11. JSC-08U82, SLl/3 Corollary Experiments Debriefing 

12. JSC-09555, Skylab Experience Bulletin Ho. 21, IVA Environment 

13. JSC-09535, Skylab Experience Bulletin Ho. 1* Translation Modes and Bump 

Protection 

lU. JSC-09536, Skylab Experience Bulletin Ho. 2, Architectural Evaluation for 
Airlock 

15. JSC-09537, Skylab Experience Bulletin Ho. 3, Architecxural Evaluation for 
Sleeping Quarters 



t 





16. JSC-09551* Skylab E]q>erience Bulletin Ho. 17* Heutral hody Posture in 

Zero-G 

17. JSC-09552* Skylab Ejq>erience Bulletin Ho. I8* STaluaticm of Skylab IVA 

Architecture 

18. JSC-09538* a^ylab Experience Bulletin Ho. U* Design Characteristics of 

Sleep Restraint 

19. JSC-095^1* Skylab Ei^rience Bulletin Ho. 7* An Overviev of IVA Personal 

Restraint ^ystois 

20. JSC-095^3* Skylab Ejqperience Bulletin Ho. 9* Foot Restraint Systoas 

21. JSC-095^^* Skylab Experience Bulletin Ho. 10* Bo4y Restraint Systons 

22. JSC-095^5* Skylab Experience Bulletin Ho. 11* Personal Mobility Aids (IVA) 

23. JSC-093^6* Skylab E^erience Bulletin Ho. 12* Teoporary Equifaient 

Restraints 

2 k. JSC-095^7* Skylab Experience Bulletin Ho. 13* Tools* Test Etiulpnent* and 

Consumables Required to Support Inflight Maintenance 

25. JSC-095^9* Skylab E]q>erience Bulletin Ho. 15* Cable Management in Zero-G 

26. JSC-09553* Skylab Experience Bulletin Ho. 19* Food System 

27. JSC-095^''* Skylab Ejqperience Bulletin Ho. 6* Space Garments for IVA Wear 

28. JSC-095^2* Skylab E3q>erience Bulletin Ho. 8* Cleansing Provisions Within 

The Wetste Managooent Compartment 

29. JSC-095^d* Skylab Experience Bulletin No. lU* Pez^sonal Ejrgiene Eqxupment 

30. JSC-09559* Skylab Experience Bulletin No. 25* Waste Management Systems 

31. JSC-09539* Skylab Experience Bulletin No. 5* Inflight Maintenance as a 

Program Elenent 

32. JSC-09556* Skylab Experience Bulletin No. 22* Evaluation of Requironents 

and Pro^sions for Housekeeping 

33. JSC-09562* Skylab Experience Bulletin Ho. 28* Mass Handling and Transfer 



34. JSC-09557) Skylab Experience Btilletin Ho. 23* IVA Conmuni cations 

35. JSC-09569* Skylab Experience Bulletin No. 26* The Importance of Man-Machine 

Engineering Evaluations in Zero-G 





APPENDIX A 

BI(XaiAPaiE5 OF 
8KXLAB CREWS 


38 





APPBIDIX A 


SKYLAB CREWIEH BIOGBAPHICAL DATA 


Slsylab 2 Crew 

Conaander (CDR) Charles Conrad. Jr«~ Captain* USH 1)0211 June 2* 1930; 
height, 1.69 aeters (5 feet* 6.5 inches); vei^t* 62»6 kilograais (138 pounds). 

He received a B.Sc. degree in Aeronautical engineering from Princeton (Mi- 
versity in 1953 and hecaae a naval aviator soon after. He attended the Navy 
Teat Pilot School, and was assigned as a project test pilot. 

Capt. Conrad was selected as an astronaut ty NASA in 1962. In I963* he 
served as pilot of Gemini V; in 1966* he was commander of Gemini XI; and* in 
1969 he corananded Apollo 12* man's second lunar landing mission. He completed 
three space flints for a total of 506 hours and U8 minutes in space. 

Science Pilot (SFT) Joseph P. Iferwin. - Commander* MC* USN horn* Feh. 19* 
1932; hei^t* 1.83 ircteia (6 feet); weight* 77»1 kilograms (170 pounds). 

He leceived a B.A. degree in philosophy from Holy Cross in 1953 and re- 
ceived a doctor of medicine degree from Northwestern Itaiversity Medical School 
in 1957* He completed his intemshop at District of Colunibia General Hospital 
and attended the U.S. Navy School of Aviaticm Medicine. Comdr. Kerwin served 
2 years as fli(^t surgeon with the Marine Corps* and hecame a pilot In j.962. 

He then became flight surgeon for Fighter Squadron 101 and subsequently served 
as staff flight surgeon for Air Wing U at the Naval Air Station Cecil Field* 
Fla. He was selected as a scientist astronaut by NASA in 1965> 

Pilot (PLT) Paul J. Weitz (Commander* USN) Bom: July 25* 1932; height: 

1.78 meters (5 feet* 10 inches); weight: 8I.6 kilograms (I80 pounds). 

He received a bachelor of science in aeronautical engineering from Penn- 
sylvania State Universily^ in 195^ and a master's degree in aeronautical engi- 
neering from the U.S. Naval Postgraduate School in I96U. 

Comdr. Weitz received his coomiission as an ensign in 195^ and completed 
his flight training in 1956. Frcmi 1956 to I96U he served at the Naval Air Sta- 
t'tons at Jacksonville* Fla.; China lake, Calif.; and* the Naval Air Station 
Whidbey* Wash. He has lo^ed more than 3700 hours of aircraft flying time. 

He was selected as an astronaut by NASA in 1966. He served as a member 
of the astronaut support crew for Ai>ollo 12. 
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Skyl&'b 3 Crew 


Conmander (CDR) Alan L. Bean (Captain* USB) Bom: Nar. 1$» 1932; height: 

1.T5 meters feet, 9 1/2 inches); weight: 70.3 kilograms (155 pounds). 

He received a bachelor of science degree in aeronautical engineering from 
University of Texas in 1955* Cemdr. Bean was ecssaissioned upon graduation. 
After completing flight training he was assigned to the Haval Air Station in 
Jacksonville* Fla. for U years. He attended the Havy Test Pilot School at 
Patuxent River* Md. , and \;pQD graduation he was assigned as a test pilot. He 
has flown 27 types of military aircraft and logged more than UUOO hours of 
flying time. 

He was selected as an astronaut hy HASA in 1963. % served as hacloq> 

comand pilot for Gemini X and hacktg) lunar module pilot for Apollo 9. He was 
lunar nodule pilot for Apollo 12. 

Science Pilot Oven K. Garriott* Ph. D.» Bom* Hov. 22* 1930; height: 1.75 

meters (5 feet 9 inches); weight: 63.5 kg (lUO i>ounds). 

He received a bachelor of science degree in electrical engineering from 
University of Oklahoma in 1953* and a master of science degree and a doctorate 
in electrical engineering from Stanford University in 1957 and i960* respect- 
ively. 

Dr. Garriott tau^t electronics* electromagnetic theory* and ionospheric 
physics in the Department of Electrical Ehgineering at Stanford University. 

He perfe.-med research in ionospheric physics and has authored and co-authored 
more than 25 scientific papers and one book in that area. 

He was selected as an astronaut by HASA in 1965* and has since completed 
a course in flight training at Williams Air Force Base* Ariz. He has logged 
more than I600 hours of flying time. In addition to HASA ratings, he maintains 
FAA conmiercial pilot and flight instructor certification. 

Pilot (PLT) Jack R. Lousma (Major* USMC) Bom: Feb. 29* 1936; height: 

1.83 meters (6 feet); weifdtt: 83*9 kilograms (185 pounds). 

He received a bachelor of science degree in electrical engineering from 
University of Michigan in 1959 and a degree of aeronautical engineer from the 
U.S. Haval Postgraduate School in I965. 

MaJ. Lousma was commissioned in the Marine Corps in 1959 and received his 
wings in i960. Re was assigned to the 2nd Marine Air Wing* and later with the 
1st Marine Air MUng at Ivakimi, Japan. He was a reconnaissance pilot with 2nd 
Marine Air Wing before coming to HASA. He has logged 2600 hours of flight time. 

He was selected as an aistronaut by HASA in 1966. He served as a member of 
the astronaut support crews for Apollo 9* 10* and 13 missions. 
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Conoander- (CDR) Gerald P. Carr (lieutenant Colonel, USMC) Bom: Aug. 22, 

1932; hei(^t: 1*75 aeters (5 feet, 9 inches); weight: 70.3 kilograms (155 / 

pounds). 

He received a bachelor of science degree in mechanical engineering from 
Ibiivemily of Southern California, a ba^elor of science degree in aeronautical 
engineering fk'om the U.S. Bsval Postgraduate School in 19^1, and a master of 
science degree in aeronautical engineering from Princeton IMversit^ in 1962. 

Lt. Col. Carr was counissioned in the Marine Corps in 195^« After receiv- 
ing his flight training, he was assigned to Marine All Weather Fighter Squadron t 

Ilk. After postgraduate training, he served with Marine All-Weather Fighter 
Squadron 112 in the IMited States and Far East. Wien informed of his selection 
for astronaut training, he was assigned to the Test Directors Section, Marine 
Air C(»trol Squadron 3. He has logged more than 3100 hours of flying time. 

% was selected as an astronaut by HASA in 1966. He sez^d as a member of 
the astronaut support crews for Apollo 8 and 12 and was involved in the devel- 
opment and testing of the lunar roving vehicle. 

Science Pilot (SIT) Edward G. Gibson (PhD) Bom: Hov. 8, 1936; height: 

1.75 meters (5 feet, 9 inches); weight: 72*6 kilograms (16O pounds). 

He received a bachelor of science degree in engineering from University of 
Rochester in 1959* a master of science degree in engineering from California 
Institute of Tedmology in i960; and a doctorate in engineering from California 
Institute of Tedmology in 196k. 

Dr. Gibson was a research assistant studying in the fields of Jet propul- 
sion and classical physics. His technical publications were in the fields of 
plasma physics. Be was senior research scientist with the Applied Research 
Laboratories of Philco Cozporation from June 196k until coming to HASA. 

He was selected as an eistronaut by HASA in I965. He conpleted his flight 
training at Williams Air Force Base, Ariz., and earned his Air Force wingc. He , 

has logged 1500 hours of flying time. He served as a member of the astronaut 
support crew for Apollo 12. 

Pilot (PLT) lailiam R. Pogue (Ueutenant Colonel, USAF) Bom: Jan. 23, 

I930; helj^t: 1.75 meters (5 feet, 9 inches); weight: 73.9 kilograms (163 

pounds). 

He received a bachelor of science degree in education from Oklahoma Bap- 
tist University in 1951 and a master of science degree in mathematics from Okla- 
homa State University in i960. 
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Lt. Col. Pogue received his eceadssion in the Air Force in i9?2. While 
serving with the $th Air Force during the Korean conflict in 1953 and 195^* he 
flew i»3 CGBibat aissions. Froa 1955 to 1^57* he was a aeniber of the USAF Thun- 
derhirds . 

He was a matheoatics instructor at the Air Force Acadenor from I960 to 1963. 
In 1965 he completed a 2-year tour as test pilot with the British Ministry of 
Aviation. He has flown more than $0 '^pes and models of American and British 
aircraft, and is qualified as a civilian flight instxnictor. He has logged 
U,h00 hours of flying time. 

He was selected as an astronaut by RASA in 1966. He served as a nasber 
of the astronaut stqpport crews for ^oUo 7* U» and lb missions. 
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APPENDIX B 


EXPERIMENT M1»8T INSTRUMENTS 


Instruments for measuring habitaMlil^ parameters were provided for exper> 
iinent mU 8T. P- periment instruments, were augnenied by operational equipment, 
and used to obtain quantitative data at specific locations within the space- 
craft. The instruments carried onboard Skylab principally for use experiment 
MU87, and were: 

1. Velometer: A portable instzannent for measuring air velocity (fig. 

B-1). 

2. Measuring tape: ' conventional flex tape graduated in inches (fig. 

B-2). 

3. Sovind level meter: A portable instzamient for measuring sound pressure 

levels (fig. B-3). 

U. Frequency analyzer: A portable instrument for analyzing the so'ind 

spectrum (fig. B-3). 

5. Ambient-air thermometeirs : A portable instrument for meastiring air 

temperatures (fig. ^h). 

6. Digital thexmoaieter: A portable instxaanent for measuring surface 

temperatures (fig. B-5). 

7. Force Gage: A portable spring balance for measuring push/pull forces 

requited to operate various equipment (fig. B-6). 

8. Equipment containers (fig. B-7): See table B-1 for instnmient func- 

tions and display characteristics. 


UU 




Veloiiieter 


Figure B-2.- Measuring 

























APPENDIX C 


CX»4PARaMENT SIZES AND COLOR SCHEMES 


Skylai) conqpartment volumes are contcdned in table C-I. Colors used in 
crev quarters and for common stirfaces throughout the workshop are identified 
in table C-Il. 
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TABLE C-I. - SKYLAB COMPABTMENT VOLUMES 
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Caetar tacttcn ^ 

38.7 (H.9) 

2t*.5 (112) 

5.6 (198) 

2.6 (91) 

3-C (107) 

Aft tactloa 5 

llc.2 (k5.T5) 

26k. 5 fll2) 

7.k (262) 

2.6 (99' 

k .6 ( 163 ) 


Vrm tormLTi p«rt of Ao«t to ttmctvml tr*aal’.loa 


ORIGINAL PAGE IS 
OF POOR QUALITY 






TABLE C-II. > COLORS FOR CREtf QUARTERS AHD 
COMMDH VISIBLE SURFACES 



•dolor riftlsA y«Uo» (ISU)). ra4 (IUC3'. hlmA (57016), 

oft-^AUo (rrtot). fT«r (*bsu\ ii4kt roUor (irfii). 




NASA-JSC 




